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Background: Confirming the branching pattern of the deep femoral artery (DFA) 
is vital in planning radiological and surgical procedures involving the medial cir-
cumflex femoral artery (MFCA) and the lateral circumflex artery (LFCA). The aim of 
this study was to characterise the course and morphology of branches of the DFA. 
Materials and methods: The anatomical dissection included 80 lower limbs 
which were fixed in 10% formalin solution. A dissection of the femoral region was 
carried out according to a pre-established protocol, using traditional techniques. 
Morphometric measurements were obtained twice by two researchers. 
Results: Six types of medial and lateral femoral circumflex artery variations were 
distinguished. In type I, the DFA divides into the MFCA and the LFCA (observed in 
45% of cases). In type II, the MFCA is absent and the LFCA origin normally from 
the DFA (18.75%). In type III, the MFCA arises from the femoral artery above the 
origin of the DFA, while the LFCA starts from the DFA (15%). Finally, in type IV, 
the LFCA arises from the femoral artery above the origin of the DFA, while the 
MFCA starts from the DFA (10%). In type V, the LFCA origin alone from the 
femoral artery below the origin of the DFA, while the MFCA origin from the DFA 
(7.5%), while in type VI (3.75%), both the MFCA and the LFCA origin from the 
femoral artery. The mean diameter of the femoral artery at the level of the DFA 
origin was greatest in type 2 (10.62 ± 2.07 mm) and the least in type 6 (7.90 ± 
± 1.72 mm; p = 0.0317). The distance from inguinal ligament to where the 
DFA arose was the greatest in type 6 (78.24 ± 29.74 mm) and least in type 5 
(28.85 ± 11.72 mm; p = 0.0529).
Conclusions: The medial and lateral femoral circumflex arteries were characterised 
by high morphological variations. The diameter of the femoral artery at the level 
of inguinal ligament correlated with the diameter of the DFA and distance to 
where the DFA arises from femoral artery. (Folia Morphol 2019; 78, 4: 738–745)
Key words: anatomy, classification, deep femoral artery, lateral 
circumflex femoral artery, medial circumflex femoral artery, variations
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INTRODUCTION 
The anatomical variations of the vessels of the 
lower limb have long received attention from various 
authors [3, 5–9, 12–14, 19–22]. Within the arterial 
network of the lower limb, a number of variations 
can be seen regarding the morphology of the fem-
oral artery (FA) and its main branches, especially the 
medial femoral circumflex artery (MFCA) and lateral 
femoral circumflex artery (LFCA) [8, 9, 14, 19, 22, 
24–26]. The FA is found below the inguinal ligament 
as a continuation of the external iliac artery, and 
serves as the main vessel carrying blood to the lower 
limb. The main branch of the FA is the deep femoral 
artery (DFA), which provides blood for the entire thigh 
area, including the hip joint, femur and the anterior, 
medial and posterior groups of muscles [25]. The 
LFCA and the MFCA are typically the largest branch-
es of the DFA; however, the LFCA is topographically 
posterolateral, while the MFCA is posteromedial [25].
Surgical and radiological procedures in the area 
of the hip joint are frequent, so knowledge of possi-
ble anatomical variants of the FA and its branches is 
essential in everyday practice. For example, orthopae-
dists performing total hip replacements, trochanteric 
or intratrochanteric osteotomies [14, 24] and radiol-
ogist performing transluminal stent implementation 
and angioplasty, embolectomy or diagnostic angio-
graphy [28, 29] will find such information valuable.
Despite the large number of studies performed on 
the variations of the MFCA and the LFCA, knowledge 
of the area remains insufficient. The aim of our study 
is therefore to identify variations of the medial and 
lateral circumflex femoral artery which may be rele-
vant for minimising complications after diagnostic 
tests and surgical/orthopaedic procedures in the thigh 
region. In addition, we propose a new classification 
that takes into account both the LFCA and the MFCA 
together; we believe this approach to be more accu-
rate than that given in most previous publications as 
these only consider individual variations.
MATERIALS AND METHODS
The anatomical dissection included 80 lower limbs 
(34 female and 46 male) which were fixed in 10% 
formalin solution. None of the specimens demon-
strated any trace of surgical intervention in the lower 
leg region. The protocol of the study was accepted 
by the Bioethics Committee of the Medical University 
of Lodz (resolution no. RNN/10/18/KE). A dissection 
of the femoral region was carried out according to 
a pre-established protocol, using traditional tech-
niques [16–18].
The thigh region was approached and the fat was 
removed. The femoral nerve and femoral vein were 
identified and separated from the FA. During the dis-
section, the morphology of FA and DFA were evaluated, 
particularly its branching pattern in the region of the 
femoral triangle. Next, the external diameter of the FA 
(at the inguinal ligament, below and before the point 
where the DFA arises), DFA (at the FA), MFCA (at the 
DFA or FA) and LFCA (at the DFA or FA) was evaluated. 
Also, the distance of the point where the DFA arises 
from FA was measured. All morphometric measure-
ments were obtained with an electronic calliper (Mi-
tutoyo Corporation, Kawasaki-shi, Kanagawa, Japan). 
Each measurement was taken twice by two researchers 
with considerable experience in anatomical dissection, 
and was accurate to within 0.1 mm. In further calcula-
tions, the mean value of four measurements was used. 
All measurements of arteries at the femoral region 
were carried out according to a previously described 
protocol using traditional techniques [16–18].
Statistical analysis
We performed the statistical analysis using Sta-
tistica 12 software (StatSoft Polska, Krakow, Poland). 
A p-value lower than 0.05 was considered significant. 
The results are presented as mean and standard de-
viation unless otherwise stated.
The Student’s t-test was used to assess the associ-
ation between sexes/body sides and types of arterial 
branching patterns. The normality of the distribution 
of continuous data was checked with the Shapiro-Wilk 
test. As the data was not normally distributed, the 
Mann-Whitney test and the Wilocoxon sign-rank test 
were used to compare anthropometric measurements 
between sexes and body sides, respectively. The corre-
lation between measurements was checked with the 
Spearman’s rank correlation test. The Kruskal-Wallis 
ANOVA with dedicated post hoc test was used to 
compare these measurements between types of ar-
terial tree. The Bonferroni correction was applied for 
multiple testing.
RESULTS
Based on the obtained anatomical variations of 
the main branches of the DFA, six basic types were 
distinguished, some of which also include subtypes.
 — type I — both the MFCA and LFCA departed from 
the DFA in 36 (45%) specimens. Based on point 
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where the branches arose, this type was divided 
into four subtypes:
• Ia — the MFCA origin above the LFCA, observed 
in 27 of all specimens (33.75%) (Fig. 1A),
• Ib — the LFCA origin above the MFCA, observed 
in five of all specimens (6.25%) (Fig. 1B),
• Ic — the MFCA and the LFCA go down at the 
same altitude, observed in two lower limbs 
(2.5%) (Fig. 1C),
• Id — the MFCA origin above the LFCA, while 
the descending branch (DB) also starts from 
the DFA below them (it usually leaves as 
a branch of the LFCA), observed in two of all 
specimens (2.5%) (Fig. 1D);
 — type II — the MFCA is absent and the LFCA origin 
as normal from the DFA, observed in 15 of all 
specimens (18.75%) (Fig. 2);
 — type III — the MFCA arises from the FA above the 
departure of DFA, while the LFCA origin from the 
DFA, observed in 12 of all specimens (15.0%) (Fig. 3);
 — type IV — the LFCA arises from the FA above 
the origin of the DFA, while the MFCA origin 
from the DFA, observed in 8 specimens (10.00%) 
(Fig. 4);
 — type V — the LFCA origin alone from the FA below 
the origin of the DFA, while the MFCA origin from 
the DFA. This type occurred in 6 (7.5%) of all cases 
and was divided into two subtypes (a, b):
• Va — the LFCA origin from the FA below the 
origin of FA, while the MFCA origin as nor-
mal from the DFA, observed in 5 of all cases 
(6.25%) (Fig. 5A),
• Vb — the DFA origin with  a common trunk 
with the superficial circumflex iliac artery 
whereas the LFCA and the MFCA origin in 
the same way as type Va, observed in only 
1 (1.25%) case, i.e. on 1 lower limb (Fig. 5B);
 — type VI — both the MFCA and the LFCA origin 
from the DFA, this type occurred in 3 of all cases 
Figure 1. Type 1 medial and lateral femoral circumflex artery variation; A. Subtype 1a; B. Subtype 1b; C. Subtype 1c; D. Subtype 1d;  
FA — femoral artery; MFCA — medial femoral circumflex artery; LFCA — lateral femoral circumflex artery; DFA — deep femoral artery;  
TB — transverse branch; DB — descending branch; MB — muscular branch.
Figure 2. Type 2 medial and lateral femoral circumflex artery  
variation; FA — femoral artery; DFA — deep femoral artery;  
AB — ascending artery; LFCA — lateral femoral circumflex artery; 
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(3.75%) and was also divided into two subtypes 
(a, b):
• VIa — the MFCA and LFCA origin from FA 
above the origin of the DFA, with the MFCA 
above the LFCA, occurred in two of all cases 
(2.5%) (Fig. 6A), 
• VIb — the MFCA and LFCA origin from the FA 
at the same altitude as the DFA, observed in 
only 1 (1.25%) case, on one lower limb (Fig. 6B).
Morphometric analysis of the whole group found 
that a greater diameter of the FA at the level of the 
inguinal ligament correlated with a greater distance 
Figure 3. Type 3 medial and lateral femoral circumflex artery var-
iation; FA — femoral artery; MFCA — medial femoral circumflex 
artery; LFCA — lateral femoral circumflex artery; DFA — deep 
femoral artery.
Figure 4. Type 4 medial and lateral femoral circumflex artery var-
iation; FA — femoral artery; MFCA — medial femoral circumflex 
artery; LFCA — lateral femoral circumflex artery; DFA — deep 
femoral artery.
Figure 5. Type 5 medial and lateral femoral circumflex artery varia-
tion; A. Subtype 5a; B. Subtype 5b; FA — femoral artery;  
MFCA — medial femoral circumflex artery; LFCA — lateral femoral 
circumflex artery; DFA — deep femoral artery; CT — common 
trunk; SCIA — superficial circumflex iliac artery.
A
B
Figure 6. Type 6 medial and lateral femoral circumflex artery 
variation; A. Subtype 6a; B. Subtype 6b; FA — femoral artery; 
MFCA — medial femoral circumflex artery; LFCA — lateral femoral 
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DISCUSSION
In order to understand arterial variations of the 
FA, it is necessary to understand the arterial embryol-
ogy of the lower extremities. In foetal life, the sciatic 
artery, a branch of the internal iliac artery, is initially 
responsible for the vascularisation of the entire lower 
limb; however, when the foetus is eight weeks old and 
10 mm long, it regresses and this function is taken 
over by the FA, a branch of the external iliac artery 
[19]. During early development, anastomoses develop 
between the dorsal sciatic artery and ventral FA [10].
At the same time, capillaries in front of the pelvis 
and thigh form complex vascular networks named 
the rete pelvicum and rete femorale, respectively [4], 
which increases the flow of blood in the capillaries 
and allows the arterial network to mature. Thus, 
the most appropriate channels enlarge whilst oth-
ers contract and disappear, thereby establishing the 
final arterial pattern [23, 28]. It is now recognised 
that anomalies that affect the arteries of the limbs 
are based on an ambiguous selection of channels 
from the primary capillary plexus associated with an 
increase in capillary pressure [11, 28].
The literature describes a number of variations 
in the mean distance between the midpoint of the 
inguinal ligament and the origin of the DFA. The 
origin of the DFA from the FA is usually stated to be 
about 4 cm distance from the inguinal ligament [4]; 
however, Snell reports its mean distance to be 4 cm, 
Sidharth 4.4 cm, and Dixit 4.75 cm [23]. A similar 
value was noted in the present study 43.15 mm. On 
the other hand, Manjappa and Prasanna [11] report 
a mean distance of 3.56 cm for the right hand limb 
and 3.195 cm for the left. 
Several surgical procedures require precise knowl-
edge of the distance of the origin of the DFA from FA. 
to where the DFA arose (R2 = 0.29; p = 0.02). Moreo-
ver, the diameter of the FA at the level of the inguinal 
ligament correlated significantly and positively with 
the diameters of the DFA (R2 = 0.25; p = 0.0001), 
MCFA (R2 = 0.26; p = 0.0001) and LCFA (R2 = 0.17; 
p = 0.0005). 
The diameters of all arteries were significantly 
greater in men than in women (Table 1).
Only one statistically significant trend was ob-
served between the proposed taxa of medial and 
lateral femoral circumflex artery variations (Table 2; 
bolded): the mean diameter of the FA at the level 
of the DFA origin was greatest in type 2 (10.62 ± 
± 2.07 mm) and least in type 6 (7.90 ± 1.72 mm; 
p = 0.0317). However, it is worth noting that a sta-
tistically insignificant difference was found regarding 
the distance between the inguinal ligament and the 
point where the DFA arises; this distance was great-
est in type 6 (78.24 ± 29.74 mm) and least in type 5 
(28.85 ± 11.72 mm; p = 0.0529).
Other insignificant relationships between per-
formed measurements and the main types of branch-
ing pattern are presented in Table 2. 
Table 1. Diameter of arteries with regard to gender 
Parameter [mm] Female Male P
FA diameter (inguinal ligament) 9.94 ± 1.65 12.11 ± 1.24 0.0000
FA diameter (before DFA) 9.08 ± 1.74 10.91 ± 1.49 0.0000
FA diameter (at DFA) 8.50 ± 1.89 10.25 ± 1.82 0.0001
FA diameter (below DFA) 6.35 ± 1.32 8.23 ± 1.42 0.0000
DFA diameter (start) 6.42 ± 1.39 7.11 ± 1.31 0.0248
MFCA diameter (start) 3.56 ± 1.04 4.25 ± 1.01 0.0079
LFCA diameter (start) 4.74 ± 1.10 5.46 ± 1.21 0.0084
FA — femoral artery; DFA — deep femoral artery; LFCA — lateral circumflex femoral 
artery; MFCA — medial circumflex femoral artery
Table 2. Measurements of the medial and lateral femoral circumflex arteries according to the proposed classification 
Parameter [mm] Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 P
DFA inguinal ligament 43.14 ± 12.85 36.66 ± 18.77 48.33 ± 14.77 42.34 ± 15.50 28.85 ± 11.72 78.24 ± 29.74 0.0529
FA d. (inguinal ligament) 10.71 ± 2.09 11.42 ± 1.57 11.39 ± 1.75 12.07 ± 1.08 11.61 ± 0.62 11.77 ± 0.83 0.2673
FA d. (before DFA) 9.89 ± 2.05 10.56 ± 1.71 10.17 ± 1.72 10.74 ± 1.76 10.20 ± 1.20 9.02 ± 1.50 0.3895
FA d. (at DFA) 8.98 ± 2.16 10.62 ± 2.07 9.69 ± 1.59 10.08 ± 1.77 9.56 ± 1.25 7.90 ± 1.72 0.0317
FA d. (below DFA) 7.26 ± 1.93 7.44 ± 1.46 7.49 ± 1.33 7.87 ± 1.64 8.02 ± 0.92 6.90 ± 2.19 0.8301
DFA d. (start) 6.81 ± 1.31 6.53 ± 1.19 6.51 ± 1.22 7.70 ± 1.75 7.51 ± 1.17 5.89 ± 2.44 0.3248
MFCA d. (start) 3.70 ± 1.14 4.42 ± 0.73 4.05 ± 0.98 4.60 ± 0.86 4.47 ± 0.89 3.46 ± 0.99 0.0775
LFCA d. (start) 4.99 ± 1.39 5.24 ± 0.95 5.44 ± 0.84 5.71 ± 1.23 5.10 ± 1.18 4.19 ± 1.25 0.1789
FA — femoral artery; DFA — deep femoral artery; LFCA — lateral circumflex femoral artery; MFCA — medial circumflex femoral artery; d. — diameter
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It should be remembered that high artery origin can 
cause great difficulties when performing femoral ar-
terial and venous puncture or femoral nerve blocks. 
However, our findings indicate that a greater FA di-
ameter at the level of the inguinal ligament correlates 
with a greater distance of the point of origin of the 
DFA. 
In our study, the most common type of occur-
rence of the LFCA and the MFCA was when they 
origin from the DFA, which was observed in 36 (45%) 
lower limbs. Regarding the place of origin of the 
MFCA, the most common points of origin observed 
in the present study were from the DFA (62.5%) and 
from the FA (18.75%). Adachi reports that the MFCA 
originated from the DFA in 67.2% of cases and from 
the FA in 14% [1]. Another study conducted by Lip-
pert and Pabst [10] also found the MFCA to originate 
most often from the DFA (58%) and to a lesser extent 
from the FA (18%). Similar observations have been 
made by Vazquez et al. [28], Vuksanovic-Bozaric 
et al. [29], Tanyeli et al. [24], Prakash et al. [20], 
Gautier et al. [8], Siddharth et al. [22], and Nasr et 
al. [14]. In contrast, Zlotorowicz et al. [30] found 
them to origin more often from the FA than from 
the DFA, and a study by Al-Talalwah [2] found the 
frequencies of occurrence to be quite similar, i.e. the 
MFCA originated from the DFA in 57%, and from the 
FA in 54.9%. A meta-analysis by Tomaszewski et al. 
[25] of 38 studies found that the MFCA originated 
from the DFA in 64.6% in cases, and from the FA in 
32.2%. A detailed comparison with other studies is 
presented in Table 3.
Regarding the lateral side, our present findings 
indicate that the LFCA originated more frequently from 
the DFA (78.85%) than the FA (21.25%). Adachi [1] 
observed that the LFCA most commonly originated 
from the DFA (78.2%), with the second most common 
origin being the FA (18.3%). Lippert and Pabst [10] 
found that the LFCA originated from the DFA in 76% 
of cases, and from the FA in 19%. Similar observations 
have been made by Uzuel et al. [27], Vuksanovic-Bo-
zaric et al. [29], Zlotorowicz et al. [30], Fakuda et al. [6], 
and Prakash et al. [20]. In the meta-analysis conducted 
by Tomaszewski et al. [25], the prevalence pooled from 
26 studies found the LFCA to originate from the DFA in 
76.61% of cases and from the FA in 19.1%. A detailed 
comparison with other studies is presented in Table 4.
Medial circumflex femoral artery aplasia is quite 
rare, i.e. with a frequency below 1% being identified 
in previous studies [19]. In the present study, this 
frequency was found to be 18.75%. A comparison 
of the frequency of MFCA aplasia between studies is 
presented in Table 5.
There are several different classifications in the 
literature of the variability of the LFCA and the MCFA, 
but most do not the combined approach of the origin 
of these vessels [2, 24–26].
In 2007, Vazquez et al. [28] proposed a new three-
fold classification of the branches of the FA: type I, 
with three subtypes, type II, with two subtypes, and 
type III, with no subtypes. The meta-analysis by To-
maszewski et al. [25, 26], proposed two new fivefold 
classifications, one of the LFCA and another of the 
MFCA, that also considered different subtypes. 
Table 3. Comparison of the origins of the medial circumflex femoral artery by different studies
Author Types of examination Number of lower limbs — total From DFA (directly) From FA (directly)
Our study Anatomical dissection 80 50 (62.50%) 15 (18.75%)
Vazquez et al. (2007) Anatomical dissection 438 366 (83.56%) 72 (16.4%)
Vuksanović-Božarić et al. (2018) Anatomical dissection 60 47 (78.3%)  3 (5.0%)
Zlotorowicz et al. (2018) CT — angiograms 100 18 (18%) 34 (34.0%)
Al.-Talalwah (2015) Anatomical dissection 342 195 (57.0%) 188 (54.9%)
Tanyeli et al. (2006) Anatomical dissection 100 79 (79%) 15 (15.0%)
Prakash et al. (2010) Anatomical dissection 64 43 (67.2%) 21 (32.8)
Gautier et al. (2000) Anatomical dissection 24 20 (83.3%) 4 (16.7%)
Siddharth et al. (1985) Anatomical dissection 100 63 (63.0%) 37 (37.0%)
Nasr et al. (2013) Anatomical dissection 90 53 (58.9%) 37 (41.1)
Adachi (1928) Anatomical 367 67.2% 14%
Lippert and Pabst (1985) Anatomical 100 58% 18%
CT — computed tomography; FA — femoral artery; DFA — deep femoral artery
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Vuksanovic-Bozaric et al. [29] proposed a new 
classification for foetuses based on the observed 
frequency of variation of MFCA and LFCA departures 
in 30 foetuses. Both Vazquez et al. [28] and Vuksa-
novic-Bozaric et al. [29] found the LFCA and MFCA 
to origin most often from the DFA. A 2018 comput-
ed tomography angiogram study of the anatomical 
variability of the MFCA and the LFCA found the most 
common form, i.e. occurring in 50% of cases, to be 
the trunks profundocircumflexus perfectus, in which 
the MFCA and the LFCA origin from the DFA [30], 
with the trunk profundocircumflexus lateralis, where 
the LFCA origin directly from the DFA, observed in 
31% of cases and the trunk profundocircumflexus 
medialis, where the MFCA origin directly from the 
DFA, observed in 15%. 
In contrast, our proposed classification is a pro-
prietary classification which more accurately classifies 
MFCAs and LFCAs, treating them in combination rath-
er than separately, as in most previous publications. 
It is also complementary to classifications Vazquez et 
al. [28], Tomaszewski et al. [25, 26] and Zlotorowicz 
et al. [30].
Knowledge of the variability associated with the 
MFCA and LFCA origin is significant clinically. The 
branches of the FA supply the head and neck of the 
femur, and iatrogenic or traumatic damage to these 
vessels or to the hip joint itself can affect the ischae-
mia of the joint and result in its necrosis [12].
In the case of orthopaedic surgery, for example 
when treating hip joint fractures, knowledge of the 
arterial supply of the hip is extremely important [9]. 
Anastomoses between the arterial branches of the 
MFCA and the branches of the inferior gluteal artery 
are also important considerations in the case of hip 
dislocation [30]. An understanding of the variability 
of origin of the LFCA is valuable when using it for 
aortopopliteal bypass in cases of thrombosis of the 
iliofemoral arteries and the anterolateral thigh flaps 
[24] or in coronary artery bypass grafting [15]; these 
procedures can incorporate the descending branch 
derived from the LFCA [24]. In addition, the anatom-
ical variations of the arteries of the thigh are impor-
tant considerations when performing endovascular 
treatments from the FA [15]. Our classification reflects 
the variability of both the MFCA and the LFCA. It also 
Table 4. Comparison of origin of the lateral circumflex femoral artery in different studies
Author Types of examination Number of lower limbs — total From DFA (directly) From FA (directly)
Our study Anatomical dissection 80 63 (78.75%) 17 (21.25%)
Uzel et al. (2008) Anatomical dissection 110 85 (77.3%) 21 (19.1%)
Vazquez et al. (2007) Anatomical dissection 438 416 (94.98%) 22 (5.02%)
Vuksanović-Božarić et al. (2018) Anatomical dissection 60 50 (83.3%) 1 (1.7%)
Zlotorowicz et al. (2018) CT — angiograms 100 81 (81.0%) 65 (65%)
Fukuda et al. (2005) Angiography 262 214 (81.68%) 45 (17.17%)
Prakash et al. (2010) Anatomical dissection 64 52 (81.25%) 12 (18.75%)
Adachi (1928) Anatomical dissection 367 78.2% 18.3%
Lippert and Pabst (1985) Anatomical dissection 76% 18.3%
CT — computed tomography; FA — femoral artery; DFA — deep femoral artery
Table 5. Comparison of aplasia of the medial circumflex femoral artery
Author Types of examination Number of lower limbs — total Per cent No. of lower limbs
Vuksanović-Božarić et al. (2018) Anatomical dissection 60 1.7 1
Vazquez et al. (2007) Anatomical dissection 438 0 0
Zlotorowicz et al. (2018) CT — angiograms 100 1 1
Al-Talalwah (2015) Anatomical dissection 342 0.6 2
Tanyeli et al. (2006) Anatomical dissection 100 0 0
Prakash et al. (2010) Anatomical dissection 64 0 0
CT — computed tomography
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takes into account the order of origin of the MFCA 
and the LFCA.
CONCLUSIONS
The medial and lateral femoral circumflex arteries 
were characterised by a high degree of morphological 
variation. The most common variant of the branch of 
the DFA was the presence of a departure by the LFCA. 
A wider diameter of the FA at the level of inguinal 
ligament correlated with a wider diameter of the DFA 
and greater distance to where the DFA arose from 
FA. Only the mean diameter of the FA at the level of 
the DFA origin showed any significant variation with 
regard to classification type, being highest in type 2 
and lowest in type 6.
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